INTRODUCTION
Highly active antiretroviral therapy (HAART) suppresses human immunodeficiency virus-type 1 (HIV-1) RNA plasma viral load below detectable limits, enabling immune reconstitution, reducing HIV drug resistance and preventing clinical disease progression, potentially as long as patients adhere to therapy. HAART is provided free of charge to all HIV positive residents in Italy. The pharmaceutical industry introduced the "fixed dose antiretroviral coformulations" (FDCs), with the purpose to reduce the number of daily pills. As FDCs are often more expensive in comparison to the same drugs administered separately in a multi-tablet regimen (MTR), we considered it a cost-effective strategy the switch from FDCs to corresponding MTRs including generic antiretrovirals. United States and European HIV treatment guidelines consider regimen simplification to FDCs to improve adherence to antiretroviral therapy [1, 2] . However, the US Department of Health and Human Services states that there is limited data to support or refute the superiority of FDCs versus MTRs, particularly when considering the comparison between once-daily regimens of 1 pill versus 3 pills of individual drug products currently in use.
We conducted a prospective study among a cohort of adults with suppressed HIV-1 viremia who accepted to switch from FDCs to corresponding MTRs in order to verify if this would affect the virological and immunological response in comparison to maintaining the FDC regimens.
MATERIALS AND METHODS
We assessed the eligibility of all the HIV-1 positive adults on stable HAART being treated at our hospital-based outpatient clinic in Treviso, Italy, from January 2012 to December 2013. To be eligible, patients had to be age 18 or older, on HAART regimen including the FDCs tenofovir/emtricitabine (Truvada ® Gilead Sciences), or abacavir/lamivudine (Kivexa ® ViiV Healthcare), or zidovudine/lamivudine (Combivir ® ViiV Healthcare), or tenofovir/emtricitabine/efavirenz (Atripla ® Gilead Sciences) for at least 6 months, and with an HIV-RNA level below 20 copies/mL for at least 6 months. We excluded patients with alcoholism, active intravenous drug use, dementia, and homelessness.
On follow up visits, all consecutive eligible patients who had signed the informed consent were enrolled in the cohort study and underwent a counselling focusing firstly on the adherence to HAART. An interview was conducted asking patients to recall missed doses (from yesterday to three days before) and through a visual analogue rating scale (VAS) assessing errors in the timetable or forgetfulness in taking HAART during the previous month, the supply of drugs during the previous three months and overall satisfaction to current HAART regimen [3] . Then, the counselling was focused on involving patients in reducing treatment costs by choosing to switch from their current FDCs to the corresponding MTR. Except for the switching from emtricitabine to lamivudine, all patients did not change their therapy in terms of active molecules or doses. According to WHO guidelines, we considered emtricitabine and lamivudine interchangeable [4] . In all cases the MTR increased the daily number of pills, but not dosing frequency.
Participants who accepted to switch from their FDC regimen to the corresponding MTR joined the MTR group, while those who maintained a FDC regimen joined the FDC group.
Clinical data, including changes in HAART regimens, respective reasons why and adverse effects, were recorded at baseline and at follow-up visits occurring at weeks 24, 48 and 96. All participants were assessed for virological and immunological responses at baseline and at week 24, 48 and 96. Plasma HIV RNA levels were quantified through COBAS AmpliPrep/COBAS TaqMan HIV-1 Test, version 2.0 (Roche Diagnostics) with a lower limit of quantification at 20 copies/mL. According to the Italian HIV guidelines, virological failure was defined as two consecutive viral loads > 50 copies/mL [5] . CD4 cell count was assessed with FACSCanto II flow cytometer (BD Biosciences).
Patients were counselled on adherence to HAART at each visit, while formal interviews and VAS were repeated at week 24 only and results of the monitoring assessment were published elsewhere [6] .
Statistical analysis
Data were analyzed using SPSS 13 and WinPEPI 11.43. Patients' baseline characteristics were evaluated with N-1 chi-square test, or independent samples T test as appropriate. Plasma HIV-RNA levels were categorized in four ordinal categories (first: undetectable; second: < 20 copies/mL; third: ≥ 20 and ≤ 50; forth: > 50) and in two dichotomized categories (HIV-RNA < or ≥ 20 copies/mL) based on the lower limit of quantification by Taqman PCR. In the parallel analysis, differences in distribution were evaluated by Pearson's chi-square (at baseline) and by CochranArmitage test or generalized odds ratio (GOR) with 95% confidence intervals (CI) at any follow-up, and by GOR with 95%CI, extended Mantel-Haenszel test for trend and a chi-square test for heterogeneity were performed for overall analysis. In the beforeafter analysis, cross tabulations of the four HIV-RNA levels at weeks 24, 48 and 96 were analyzed using the McNemar test with continuity correction, GOR with 95% CI, and a combination of the Mann-Whitney (weighting by sample sizes) in the pooled data analysis. 
RESULTS
Between January and June 2012 we screened 473 HIV-1 adults on HAART including a FDC. 178 patients who did not meet eligibility criteria and 52 who did not sign the informed consent were excluded from the study (Figure 1 ). 243 participants were enrolled and allocated to a treatment group: 163 (67%) accepted to switch to a MTR, joining the MTR group, while 80 (33%) maintained their FDCs, joining the FDC group.
At baseline, the two groups did not show any significant difference except for a higher mean number of HAART tablets before enrollment in participants who entered in the MTR group (Table 1) .
A total of 190 participants completed the 96-wk follow-up; drug discontinuation rates were 8.7% (7/80) in the FDC group, and 28.2% (46/163) in the MTR group. The reason for and timing of premature drug discontinuation in the two groups are reported in Figure 1 . In the parallel analysis, there were no significant differences in linear trend of distribution of HIV-RNA levels between the two groups ( Table 2) and there were no significant odds in favour of a higher level of HIV-RNA in either group at any follow-up and on the overall three strata analysis. In the before-after analysis, both FDC and MTR groups presented no significant differences in distribution of HIV-RNA in the four levels and in the dichotomized levels at either weeks 48 vs 24 and weeks 96 vs 24 cross tabulations (Table 3 ). On the pooled data analysis of the dichotomized HIV-RNA levels, the McNemar test (two-tailed) showed a significant increase in patients with HIV-RNA levels < 20 copies/mL in the MTR group only. One patient in the MTR group presented a virological failure with 55 copies/mL at week 96 and 76 copies/mL after 3 mo.
There were no significant differences in mean CD4 count between the two groups at baseline. A steady increase of CD4 count was observed in the MTR group, while in the FDC group we observed a slight decrease (-23 cells per mmc) in mean CD4 count between weeks 24 and 48.
According to Fisher's LSD test, there was a significant increase in mean CD4 count at any follow-up in the MTR group only (P < 0.001 each), while in the FDC group a significant increase was observed only at week 96. In the stratified analysis of the three major ARV backbones, after 96 weeks there was a significant increase in CD4 count in each MTR patient (Table 4) , and in patients taking Atripla.
DISCUSSION
In our prospective study among a cohort of selected adults with suppressed HIV viremia and known to be adherent to HAART, we demonstrated that involving patients in the switch from their FDC regimens to the corresponding MTRs for economic reasons did not affect the effectiveness of antiretroviral therapy in terms of virological response and immunological recovery. In the parallel analysis, no statistically significant differences were observed in terms of virological response at weeks 24, 48 and 96 between the two groups. Only one patient in the MTR group (0.8%, 1/117 as treated population) presented a virological failure after 96 wk. This failure was detected as we adopted a very sensitive definition of virological failure and an extended follow-up period. As viremia was insufficient for RNA amplification and resistance testing, no emergent drug resistance mutations were detected. All other virological blips during the study period were of low intensity and were not detected in subsequent HIV-RNA determinations.
In the before-after analysis, virological response to both FDC and MTR regimens was highly maintained throughout the study. FDCs and MTRs increased CD4 count to similar levels by weeks 24, 48 and 96. A statistically significant increase in CD4 count was observed only in the MTR group probably as this group had a larger number of patients.
At baseline, patients who chose to switch to a MTR had significantly more comorbidities in combined medical and psychiatric illnesses than the others, and they were already taking a significantly higher number of tablets for reasons other than HIV. This is an unexpected result, but we have no data to infer if patients already used to taking many drugs had less difficulty to increase their number of tablets. By contrast, patients on single tablet regimen (Atripla) were significantly more likely to refuse the switching to MTRs than patients on other FDC regimens.
We observed a high discontinuation rate of MTRs for reasons other than virological failure. A minimal proportion (4.9%) of patients discontinued a MTR because of adverse gastrointestinal symptoms considered a result of the switch. The average discomfort reported by patients was generally low to moderate, but enough to induce the prescribing doctor to return to the corresponding FDC. This fact is not a peculiarity of the switching from FDCs to a MTR, as a low proportion of mild to moderate adverse effects inducing drug discontinuations were registered also after switching to FDC regimens in several "simplification" trials [7] [8] [9] . Fifteen patients (9.2%) expressed a disappointment with the number of tablets in their MTR because of convenience issues, and returned to their previous FDC regimen. Finally, a number of patients were switched to a PI monotherapy to avoid ARV backbone toxicity or to generic FDC zidovudine/lamivudine when it was available during the last months of follow-up. All drug discontinuations occurred at scheduled visits except for 3 patients who requested unscheduled visits early after the switch to MTR because of adverse effects, therefore we can infer that healthcare costs for day ward services were not substantially affected. According to Walensky et al [10] , compared with a slightly less effective generic-based regimen, the cost-effectiveness of first-line branded ART exceeds $ 100000/QALY. Formal cost-effectiveness analysis was beyond the scope of this study. However, based on 2011 HAART costs for the Veneto region, northern Italy, the switch from FDC to MTR represents a yearly savings of € 255, € 174, and € 142 per patient on Atripla, Truvada, and Kivexa treatment respectively. Therefore, the potential cost savings for the healthcare system for the 98 patients with suppressed HIV, who remained on MTR for 96 wk is about € 120000. Patients on Combivir who initially accepted to switch to a MTR (potentially with a cost savings of € 919 per patient per year), subsequently returned to a generic FDC with further cost savings.
It has been postulated that potential benefits of a single-tablet regimen would include improved adherence and quality of life, reduced risk of selective noncompliance, and a lower risk of prescription error, all of which might decrease the risk of treatment failure and drug resistance [11] . However, the pharmaceutical industry has made impressive progress over the past decades in simplifying dosing frequency and pill burden, and current MTRs are no longer those of the early times since the introduction of HAART, when patients were prescribed between 10 and 25 pills each day often to be divided in three daily doses, with specific food restrictions or requirements, and substantial toxicity [12, 13] . Indeed, we observed very high rates of adherence to HAART 24 wk after the switch both in patients taking MTRs and patients taking FDCs, at an interim analysis published elsewhere [6] . Recent meta-analyses have shown only minimal or no benefits of FDC regimens in terms of adherence and treatment outcomes, and an independent study has shown that antiretroviral effectiveness was not hampered by a switch from Atripla STR to a triple tablet regimen (tenofovir/lamivudine/efavirenz) in a large cohort of Danish HIV patients [13] [14] [15] [16] [17] [18] . Finally, a recent multicenter study in Canada showed that the simplification of Triumeq ® ViiV Helthcare to a less expensive component of one generic pill of abacavir/lamivudine and one branded pill of Tivicay ® ViiV Healthcare did not result in an additional risk of viral breakthrough, resistance, and side effects, and significantly reduced costs of therapy [19] . With the advent of the new generic drugs in Italy (abacavir/lamivudine, tenofovir/emtricitabine, darunavir, tenofovir, and in the near future rilpivirine), it will be of great interest to assess the effectiveness of the desimplification of Triumeq and other FDCs to their respective generic drugs in the context of our National Health System. We studied a highly selected cohort of patients as all participants were enrolled after being fully instructed in the purpose of the study and those who freely chose to switch to MTR regimens were fully aware they had to increase the number of pills and take generic drugs for economic reasons. Therefore, potential biases could have occurred in the patient's choice of treatment, in reported symptoms after the switch and their reasons for treatment interruption. However, our data came from a wellestablished study population that was demographically representative of the national HIV-infected population, with very high levels of adherence and complete virological suppression consistent with the improvements observed over time in Western Europe [20] and results appear generalizable for clinical settings in which the antiretroviral drugs are dispensed free of charge and only from the hospital pharmacies of the National Health Service.
Our study shows that, by involving patients in the decision to switch to a MTR for economic reasons, the magnitude of the potential clinical benefits from FDC regimens appears to be cancelled by the efficacy of the antiretroviral drugs currently available in MTRs, even in a generic formulation. We noticed only a small risk of drug discontinuation, in patients who switched to MTRs because of mere convenience issues due to the number of tablets.
With the constant increase in the number of patients in HAART, innovative measures are increasingly needed to contain costs while maintaining the highest quality of care. The appropriate use of generic drugs and a good doctor-patient relationship must play a key role in balancing the needs of HIV patients with those of the Health System. -after (week 24 vs week 48/week 96) analysis of plasma viremia (4 levels and dichotomized 
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Research background
United States and European human immunodeficiency virus (HIV) treatment guidelines consider regimen simplification to fixed dose coformulations (FDCs) to improve adherence to antiretroviral therapy. However, the US Department of Health and Human Services states that there is limited data to support or refute the superiority of FDCs versus multi-tablet regimens (MTRs). With the constant increase in the number of patients in highly active antiretroviral therapy (HAART), innovative measures are increasingly needed to contain costs while maintaining the highest quality of care.
Research motivation
HAART is provided free of charge to all HIV positive residents in Italy. As FDCs are often more expensive in comparison to the same drugs administered separately in a MTR, we considered a cost-effective strategy involving patients in the switch from their FDCs to corresponding MTRs including generic antiretrovirals.
Research objectives
Research methods
From January 2012 to December 2013, we assessed the eligibility of all the HIV-1 positive adults on stable HAART being treated at our hospital-based outpatient clinic in Treviso, Italy. Participants who accepted to switch from their FDC regimen to the corresponding MTR joined the MTR group, while those who maintained a FDC regimen joined the FDC group. Clinical data, including changes in HAART regimens, respective reasons why and adverse effects, were recorded at baseline and at follow-up visits occurring at weeks 24, 48 and 96. All participants were assessed for virological and immunological responses at baseline and at weeks 24, 48 and 96.
Research results
Two hundred and forty-three eligible HIV-1 adults on HAART were enrolled: 163 (67%) accepted to switch to a MTR, joining the MTR group, while 80 (33%) maintained their FDCs, joining the FDC group. In a parallel analysis, there were no significant differences in linear trend of distribution of HIV-RNA levels between the two groups and there were no significant odds in favour of a higher level of HIV-RNA in either group at any follow-up and on the overall three strata analysis. In a before-after analysis, both FDC and MTR groups presented no significant differences in distribution of HIV-RNA levels at either weeks 48 vs 24 and weeks 96 vs 24 cross tabulations. A steady increase of mean CD4 count was observed in the MTR group only, while in the FDC group we observed a slight decrease (-23 cells per mmc) between weeks 24 and 48.
Research conclusions
Involving patients in the switch from their FDC regimens to the corresponding MTRs for economic reasons did not affect the effectiveness of antiretroviral therapy in terms of virological response and immunological recovery. The appropriate use of generic drugs and a good doctorpatient relationship must play a key role in balancing the needs of HIV patients with those of the Health System.
Research perspectives
With the advent of the new generic drugs in Italy (abacavir/lamivudine, tenofovir/emtricita-bine, darunavir, tenofovir, and in the near future rilpivirine), it will be of great interest to assess the effectiveness of the desimplification of Triumeq and other new FDCs to their respective generic drugs in the context of our National Health System.
